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and Allen, 1953 ). Isolates of P. coffeae in Japan are a species complex with extensive inter-specific variation (Mizukubo, 1992a) . Pratylenchus pseudocoffeae was removed from this complex (Mizukubo, 1992a; Mizukubo, 1992b) . The remaining members of this complex exhibit extensive differences in host compatibility and ribosomal DNA (rDNA) endonuclease-digestion-patterns (Orui, 1996; Mizukubo and Sano, 1997) . The geographic isolates that form the species complex in Japan have differing host compatibility to sweet potato, radish, kidney bean, tomato, eggplant, and chrysanthemum. These differences were reported as evidence of physiological host races in this species for the first time (Mizukubo, 1995; Mizukubo and Sano, 1997) . Gotoh (1974) argued that Japanese isolates were unusual in being present in areas with average annual temperatures lower than the worldwide trend for this species. The isolates of P. coffeae collected mainly from tobacco fields in northeastern Japan represent members of the species complex that occur in a temperate area not normally associated with this nematode (Gotoh, 1974; Orui and Mizukubo, 1999b) . These tobacco isolates (Pratylenchus sp. nr. coffeae sensu Orui, 1996) are morphologically identical to P coffeae and are distinct from other isolates of P coffeae in polymerase chain reaction (PCR) -restriction fragment length polymorphism (RFLP) analyses (Orui, 1996; Orui and Mizukubo, 1999a) . The northeastem isolates (Pratylenchus sp. nr. coffeae sensu Orui, 1996) have been collected from tobacco, azuki-bean, soybean and upland rice fields. The isolates of P coffeae (sensu Orui, 1996) were collected from taro and upland rice (Orui and Mizukubo, 1999b) . Pratylenchus sp. nr. coffeae (sensu Orui, 1996) was generally collected from areas northeast of Saitama and Tochigi Prefectures in the Kanto Plain (central region of Japan) and P coffeae (sensu Orui, 1996) was collected from areas southwest of those areas (Orui and Mizukubo, 1999b) . The northeastern group of isolates and the southwestern group of isolates may represent independent species segregated as a result of geographic separation (Orui and Mizukubo, 1999b) . Among the many host crops, P coffeae causes severe damage and significant yield reductions to sweet potato and taro (Mizukubo, 1995) . Isolates of this species from different locations in western Japan differed in reproduction rates (Pf/Pi) on a susceptible sweet potato cultivar (Mizukubo, 1995; Mizukubo and Sano, 1997) and had a variety of lesion responses on storage roots. The RFLP-phenotypes of P coffeae may provide important information that can assist in predicting the reproductive compatibility and virulence level characteristics on sweet potato and taro crops. In addition, possible reproductive segregation between the RFLP phenotypes must be confirmed to elucidate their taxonomic position.
We compared 19 geographic isolates of P coffeae originating from northeastern to southwestern locations in Japan, an isolate from eastern Java (Indonesia) and an isolate from Guatemala to determine;
(1) if they represent distinct PCR-RFLP phenotypes, (2) if the isolates differ in their reproductive compatibility and virulence to sweet potato and taro, and (3) if isolates with distinct RFLP phenotypes are reproductively isolated from one another. lus tissue.
Alfalfa callus tissue was induced using a modified Schenk and Hildebrand (SH) medium (Mitsui, 1977 Nematode reproduction was evaluated 55 days after inoculation. Nematodes in soil from each pot were extracted from two, 20 g soil samples using Baermann funnels. Nematodes were collected after 48 hr and counted. The average of the two counts was used to estimate numbers of nematodes in each pot. Statistics on nematode reproduction and nematode virulence on sweet potato were analyzed as described in pot experiment 1. 3) Reproduction rates and virulence tests of six isolates on taro (greenhouse experiment).
The experiment was performed in 1997 at KNAES. Six isolates of P. coffeae designated as RFLP phenotypes A, B and C were used; i.e. three isolates (1VIE2, KM4 and OK1) for phenotype A, two isolates (ST1 and N54) for phenotype B, and an isolate IW3 for phe- Ninety days after inoculation, the OK1 and KM4 isolates produced larger lesions on storage roots (p<0.05, Tukey) than the ST3, ME2, NS4, KG1 and NG6 (P. penetrans) isolates (Table 4 ). Number of leaves left at harvest was lower in OK1 than others. There were no significant differences in shoot dry weight, root dry weight, storage root dry weight and shoot height between isolates .
2) Reproduction rates and virulence tests of 12 isolates on sweet potato (pot experiment 2) .
Seven isolates of the RFLP phenotype A (MZ1, ID, KG11, KG14, KG6, KM4 and KG13) generally had higher final populations (Pf) on susceptible sweet potato cultivar than phenotype B (KG9) or phenotype C (GF1, AM2, MGl and IW3) ( Table 5 ). Although all isolates of phenotypes B and C had lower final populations than initial populations (Pf/Pi<1), isolates of phenotype A had greater Pf than Pi (Pf/Pi >1) . Differences in reproduction rates (Pf/Pi) existed among isolates of phenotype A . KG 13 and KM4 isolates had significantly higher reproduction rates than MZ1, ID and KG11.
Lesions on storage root were generally tiny and few in this experiment and the index did not significantly differ among all the isolates 55 days after inoculation (Table 6 ) . GF (phenotype C), KG11(A) and KG13 (A) isolates had the smallest storage roots and weights were lower than isolate 1W3 (C) . Root dry weight, shoot dry weight and number of leaves were similar in all isolates .
3) Reproduction rates and virulence of six isolates on taro (greenhouse experiment): D: Hha I (1: ID; 2: OK1; 3: KM4; 4: ME2; 5: NS4; 6: KG1; 7: ST1; 8: ST2; 9: ST3; 10: IW3; 11: GM; 12:NG6 , see Table 1 for isolate codes, blank column: 100 bp size ladder marker) .
Final soil populations per 20 g soil were greater in OK1 (phenotype A), KM4 (A), ME2 (A) and ST1 (B) than in NS4 (B) and IW3 (C). The final root populations were greater in OK1, KM4, ME2, ST1, and NS4 isolates than in IW3 (Table 7) . Five isolates of the RFLP phenotypes A (OM, KM4 and ME2) and B (ST1 and NS4) had final populations greater than initial populations (Pf/Pi >1). The 1W3 isolate (RFLP phenotype C) differed from the other P. coffeae isolates by having a very small final population (Pf/Pi 4 0). Percentages of root lesions were the greatest in OK1 (97.5%), which was significantly greater (p > 0.05) than in other isolates, followed by KM4 (82.5%) and ST1 (52.5%) (Table 8 ). Root dry weights and shoot dry weights for the isolates of OK1 (A) and KM4 (A) were the lowest among the isolates, and aver- Japanese Journal of Nematology December, 2003 age dry weights in both root and shoot were generally significantly lower than other isolates. The ME2 isolate that belonged to phenotype A, however, did not differ from ST1 (B), NS4 (B) and IW3 (C) in both root and shoot weights. Sexual reproduction test: Fertility of Fi generation: Few of the culture dishes were lost to microbial contamination. All contaminated dishes were discarded. The next generation progeny did not reach maturity during the incubation period. Self-cross or inbreeding for RFLP phenotype A (KM4) and B (NS4) generated progeny in 60% (6/10) and 89% (8/9) of the replications, respectively (Table 9 ). A maximum of 40% of replicates Data are means of five replicates. Nematode numbers were transformed to log (x + 1) for statistical analyses. Values followed by the same letter do not differ (p=5%, Tukey's honestly significant difference test). nies in 100% of replications for both straight and reciprocal crosses ( Fig. 3 A) . Some F2 progenies may have reached maturity in these inbred RFLP phenotypic crosses because nematode populations that exceed two times the initial population often have adult nematodes. The intra-RFLP phenotypic mating between KM4 and OK1 generated abundant F2 juveniles, 45 and 40 in average number, 0.6 and 1.1 in adult / inoculum's ratio, for the Fi progenies by straight and reciprocal matings, respectively (Fig. 3 B) . Fi progeny between KM4 and ME2 also generated abundant F2 juveniles, an average of 51 and 37, a ratio of 1.3 and 1.1 in adults / Pi, for straight and reciprocal matings, respectively. Self-crosses of Fi progeny originating from inter-RFLP phenotypic crosses between A (KM4) and B (ST1) generated 1.0 and 1.3 F2 juveniles per dish in 22% and 38% of replication for the straight and reciprocal crosses, respectively ( Fig. 3 A, B) . The adult / Pi ratio was 0.4 for both the straight and reciprocal crosses of this combination (KM4 and ST1) ( Fig. 3 C) . The self-crosses of Fi progeny originating from inter-RFLP phenotypic crosses between B (ST1) and C (IW3) generated F2 juveniles in two thirds of replications (67% and 60%) for straight and reciprocal crosses ( Fig. 3 A) . This self-cross produced an average of 5.8 and 5.7 juveniles with ratios of 0.5 and 0.4 in adult / Pi for the straight and reciprocal mating, respectively ( Fig. 3 B, C) . The self-crosses of Fi progeny originating from inter-RFLP phenotypic straight crosses between A (KM4) and C (IW3) failed to produce F2 juveniles ( Fig. 3 A) . In reciprocal crosses, Fi progeny of this combination generated 4.0 F2 juveniles per dish in 20% of replication, and the adult / Pi ratio was 0.4 (Fig 3  B, C) . Males were extracted in approximately equal number to females in intra-RFLP-phenotypic crosses and males were 20% of female numbers in inter-RFLP-phenotypic crosses between A and B. Males were 50% or more of female numbers in inter-RFLP phenotypic crosses of B X C, and A X C (Fig. 3 D) . The numbers of F2 progenies per replicates also varied extensively among the combinations; Fi juveniles from inter-RFLP-phenotypic crosses produced few if any juveniles, whereas intra-RFLP-phenotypic Fi hybrids produced abundant juveniles (Fig. 3B) . It is unknown if the low extraction rates of Fi progenies between phenotypes A and B illustrate the high degrees of sterility of the Fi hybrids. The sex ratio (males / females) of Fi progenies exhibited profound differences among combination of RFLP-phenotypes. The sex ratio may reflect some genetic incompatibility, but the normal sex ratios of parental strains were not determined. The reduced numbers of juveniles could be due to a delay in Fi hybrid maturity that postpones the onset of mating and oviposition. Adult ratios to initial inocula (founder population) in Fi progenies' self-cross ( Fig. 3 C) were obviously greater in intra-RFLP-phenotypic crosses than in inter-RFLP phenotypic crosses. Judging from the 50% rule as a criterion of successful extraction, some F2 progenies had reached to maturity in cases of intra-RFLP phenotypic crosses , but F2 progenies of inter-RFLP phenotypic crosses were still in the juvenile stages, suggesting a possible delay of development in either F1 or F2 generations or both. In inter-RFLP-phenotypic crosses between A and C , males exhibited deformity in external genitalia with absence of bursa and distorted spicules .
DISCUSSION
Since the first report of a species complex in Japan (Mizukubo , 1992a) , the P. coffeae species complex problem has been a worldwide topic of research. Inter-specific diversity has been demonstrated in rDNA based ITS RFLP (Orui, 1996; Mizukubo and Sano, 1997; Waeyenberge et al., 2000) , isozyme electrophoresis patterns (Andres et al., 2000) , D2/D3 expansion segment sequence of the 28S rDNA gene (Duncan et al., 1999) , and D3 segment sequence of the large subunit rDNA (Carta et al ., 2001) . PCR-RFLP analyses suggest the existence of at least three groups of Pratylenchus coffeae in this species complex for Japan . These RFLP phenotypes were alphabetically designated as A, B and C according to the digestion pattern using Hinf I, Alu I, Dde I, and Hha I restriction endonucleases . The Guatemalan isolate could not be grouped with any of the Japanese isolates. This isolate may be identical to Pratylenchus sp. U described by Carta et al. (2001) , and is not discussed here . The restriction endonuclease digestion pattern of the rDNA ITS region of the Indonesian isolate collected from coffee roots at the oldest coffee plantation developed by the Dutch Government in Probolinggo District in eastern Java was used as the standard for the species. This site is possibly near to the type locality. However , the taxonomic status of Pratylenchus coffeae Zimmermann is complicated. The type specimen of P . coffeae was not available when Sher and Allen (1953) revised the genus Pratylenchus. The species was redescribed using new specimens labeled as being from eastern Java that became the neotype and topotypes in question . Corbett and Clark (1983) later used other specimens from Florida to establish an undivided first lip segment as a primary character for this species . The Java specimen used by Sher and Allen (1953) had a divided first lip segment (Inserra et al , 1998) . Nevertheless, all the isolates obtained lately from five provinces of Indonesia (Java) had an undivided first lip segment (Duncan et al., 1999) . Inserra et al. (2001) eventually specified that P. coffeae had an undivided first lip segment in a revised description of the species based on recent specimens from coffee in East Java. We regard Pratylenchus coffeae sensu stricto to have an undivided first lip segment. The RFLP-phenotype A from eastern Java is morphologically P . coffeae sensu stricto. This Indonesian phenotype A is identical to isolates in western Japan (OM , KM4 and ME2) . Based on the available information, phenotype A appears to be widely distributed in tropical and subtropical areas of the Asian Pacific Rim . This area includes the Ryukyu Archipelago, southern Kyushu Is., Shikoku Is., western Honshu Is . of Japan and Indonesia.
Besides phenotype A, we newly identified phenotype B as a distinct group of isolates present in western Japan. Phenotype B is reported for the first time in this article , although the incidence of this phenotype was implied in a previous report (Mizukubo and Sano, 1997) . Phenotype B is present in northern Kyushu Is. and central Honshu of Japan.
Pratylenchus sp. nr coffeae (Orui, 1996) corresponds to RFLP phenotype C . Phenotype C was found mainly in the northern Kanto Plain (central Japan) and northeastern area of Honshu Is . (Orui and Mizukubo, 1999a) . Although Orui and Mizukubo (1999b) had attributed phenotype C to geographic segregation, it is possible that phenotype C is a 'thermal sister' (sensu Carta et al ., 2001) type or species is unknown. The practical value of the RFLP phenotypes as indices for genetic entities may reflect rates of homology. The sequence homology in ITS 1 spacer region was 94.1% between isolates of RFLP phenotype A (ID and OK1), 89.5% between isolates of phenotype B (ST1 and NS4), and 86.0% between phenotypes A and B. In addition, the ITS 2 spacer region exhibited 99.3% between conphenotypic OK1 and ID (both A), 98.3% between isolates of ST1 and NS4 (phenotype B) and 84.6% between phenotypes A and B (unpublished data). However, ITS based polymorphism is nothing but the chance coordinated measure of genomic entities. Elucidation of the entire phylogenetic structure of the P. coffeae species complex in Japan requires further research on the genomic studies such as analyses of sequence homology within the D2/D3 expansion segment of the 28S rDNA gene (Duncan et al., 1999) .
Species are groups of interbreeding natural populations that are reproductively isolated from other such groups (Mayer, 1969) . The P. coffeae species complex case in Japan demonstrates a pattern of allopatric population differentiation (possibly due to thermal factors) accompanied by unique host adaptation and evolving reproductive isolation between geographically separated populations, as well as a significant degree of genetic differentiation suggested by deformation of male genitalia. Typically, RFLP phenotypes are morphologically similar, but slight differences in morphometric characters were present, but are omitted here. Presumably, the RFLP phenotypes are still evolving entities within a species that differentiated in a relatively recent geological age, exemplifying the microevolution of prominent plantparasitic nematodes. The members of this species complex conform to the established definition of subspecies: a subspecies is an aggregate of phenotypically similar population of a species, inhabiting a geographic subdivision of the range of a species, and differing taxonomically from other populations of the species (Mayer, 1969) . Results given here provide the three RFLP phenotypes with grounds to elevate them to subspecific rank under the nominated species Pratylenchus coffeae sensu stricto (sensu Inserra et al., 2001) . Morphological data and a description of these subspecies will be given in a separate report.
